The objective of this study was to characterize and compare the water and salt soluble proteins from rat liver and muscle by using sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) and sodium dodecyl sulphate polymer-filled capillary gel electrophoresis (SDS-CGE). The evaluation and comparison of separations realized with the use of both techniques was done. It was found that although the main separation mechanism have similar in both cases. However, it was considered that, SDS-CGE seems to have a potential to be the alternative, efficient tool for the separation of tissue proteins based purely on their molecular weights.
INTRODUCTION
The development of electrophoretic techniques makes it possible to detect the protein composition and diagnose corresponding pathologies. This is due to the fact that the diagnosis of pathological process is based not on monitoring of a single biomarker but on simultaneous analysis of hundreds of proteins or peptides and generating a unique combination of profiles [1] . This unique combination of protein biomarkers could constitute a sensitive tool for early detection of the disease.
In addition to the protein structure, the methods used in biomedical analysis, allow to explore their interaction, distribution, concentration changes, and modifications that occur in disease processes. This has contributed to a better understanding of the functioning of organism's and to meet potential biomarkers of diseases [2] [3] [4] [5] . The use of proteins as endogenous biomarkers of early biological effects is for example particularly useful for the early diagnosis of cancer in people with high-risk groups and to monitor treatment efficacy and predicting tumor recurrence after surgery and also allows to determine early changes in people suffering from mental or neurodegenerative diseases. Interest in these indicators stems from the fact that some of these levels in body fluids increase long before the onset of clinically overt cancer [6] [7] [8] . For complex protein mixtures it is necessary to use analytical instruments, possessing a high capacity separation of chemical compounds.
Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) otherwise known as one-dimensional gel electrophoresis (1D-GE), is highly valued and well-*Address correspondence to this author at the Department of Pharmaceutical Chemistry, Medical University of Gdańsk, Hallera 107, 80-416 Gdańsk, Poland; Tel: +48 58 3491633; E-mail: tbaczek@gumed.edu.pl known method for over 40 years. During this period, many of its varieties were developed, each of which had limited applications due to the diversity of biological material as well as different analytical goals posed by the scientists themselves. Nevertheless, SDS-PAGE is time-consuming, labor-intensive, marginalny quantitable and not readily amenable to automation. However, no doubt that gel electrophoresis using sodium dodecyl sulfate (SDS) allowing of proteins molecular weight-based separations, has been widely used [9, 10] .
On the other hand, capillary gel electrophoresis (SDS-CGE) provides a simple, fast and automated method for protein separation. CGE is characterized by high resolution (10 5 -10 6 theoretical plates), good precision and low consumption of reagents [11] [12] [13] [14] [15] [16] . The analyzed particles were coated with SDS, which allows to obtain the same negative charge density on each of them. This allows the attraction of particles to the electrode with the same force, and on their separation affects only the weight. As the filling of the capillary buffer containing TRIS (trihydroksymetyloaminometan), phosphoric acid and 0.1% SDS (pH 8.6) is usually used.
The aim of this study was the separation of proteins from rats liver and muscle by sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) and capillary gel electrophoresis (SDS-CGE). In addition to the selection of appropriate conditions for separations, both methods were compared in technical terms and the assessment of protein profiles of two rat tissues was performed.
MATERIALS AND METHODS

Reagents
The protein molecular mass markers: Precision Plus Dual Color for SDS-PAGE experiments was obtained from (BioRad, Hercules, CA, USA), in turn SDS MW Size Standard for SDS-CGE experiments was obtained from (Beckman Coulter, Fullerton, CA, USA). Biochemical grade urea, SDS, β-mercaptoethanol, were purchased from BioRad (BioRad, Hercules, CA, USA). Highly pure water was obtained from Milli-Q water system (Millipore, Bradford, MA, USA).
Apparatus
The experiments were carried out on Mini-PROTEAN 3 Cell electrophoretic apparatus (Bio-Rad, Hercules, CA, USA) and P/ACE MDQ capillary electrophoresis system (Beckman Instruments, Fullerton, CA, USA), equipped with an UV detection system. The Polytron homogenization apparatus PT 2100 from Kinematica (Littau-Lucerne, Switzerland) for homogenization of rat tissue samples was also used.
Animal Tissues Materials
The material for the study (rat tissue) came from animals laboratory, intended for animal research. In Tri-City Central Animal Laboratory -Research and Service Centre, animals are tested in assessing the general condition, blood test for the presence of pathogens, and the section and pathological evaluation is systematically performed. The material for research was collected during routine operations performed by a veterinarian during the health checks of laboratory animals.
Sample Preparation
Extracted and frozen rat organs (muscle, liver) were divided into 1-2 mm pieces and then weighed about 0.025 g each. Samples were placed in Eppendorf tubes with 0.5 ml of saline. Then samples were homogenized for 1 min. The total protein content of the extracts was determined by the RCDC Protein Assay (BioRad, Hercules, CA, USA) and apparatus for measuring the absorbance Multiscan FC. To construct the calibration curve, the standard solutions of bovine serum albumin (BSA) have been prepared and used to determine the protein concentration in each tissue samples. Dependence of absorbance on concentration for standard solutions, after averaging two absorbance values for each of the concentrations, led to the linear function y = ax + b, where y is the absorbance, and x is the concentration expressed in mg/ml. The equation (y = 0.1115 x + 0.0163) allowed the calculation of protein concentration in individual tissue samples. The measured values of protein concentration in liver and muscle samples were 10.025 mg/ml and 4.83 mg/ml, respectively. In order to prepare samples for further analysis, both in SDS-PAGE and in SDS-CGE, 25 µl of supernatant was used. The final total protein concentration in analyzed samples was respectively 0.25 mg/ml for liver, and 0.12 mg/ml for muscle samples.
SDS-PAGE
Before analysis, samples were mixed with a buffer consisting of Tris-HCl (pH 8.6), 2% SDS, 40% glycerol and β-mercaptoethanol, and 0.02% bromophenol blue. The buffer was mixed with the same volume of test protein sample and the mixture was incubated in a water bath at 100 ºC for 3 min and centrifuged at 14000 g for 10 min. In the case of proteins being extremely difficult to dissolve, the urea can be added, which destroys hydrogen and hydrophobic bonds and prevents the formation of protein aggregates. Addition of glycerol increased the density of the sample and facilitated the application of the gel, while the bromophenol blue stained and allowed to observation of the separation occurring on the gel. Then, a volume of 25 µl protein sample was introduced at the top of the gel and electrophoresis was conducted at constant 200 V for 1 h. Separation was carried out on 3% thickener gel (0.
In this experiment, the gel were stained with 1% Coomasie Briliant Blue (CBB G-250) for 1 h according to the manufacturer's instructions and then destained with solution containing 10% ethanol and 10% acetic acid.
SDS-CGE
Protein samples (25 µl) were dissolved in a buffer solution composed of 12 mM Tris-HCl, 0.5% SDS and 5 mM dithiotreitol (DTT). Then the samples were denaturized by heating at 100 ˚C for 3 min before sample injection. The gel buffer for SDS-CGE consisted of 5% dextran in 0.1% SDS and 50 mM Tris-borate with a proprietary positively charged polymer for dynamic coating to reduce electroosmotic flow was used.
The P/ACE MDQ -capillary electrophoresis instrument utilizing UV absorbance detection at 220 nm (Beckman Coulter, Fullerton, CA, USA) was employed for all protein separation. The system was fitted with 50 µm i.d. uncoated silica capillary with 27 cm effective length (Beckman Coulter, Fullerton, CA, USA). Sample storage and cartridge temperature were maintained at 25 °C. Briefly, new capillary was pre-conditioned. The methodology was based on six-run cycles. This method served to clean the capillary and equilibrate them. Before each separation, capillary was rinsed with 0.1 N NaOH for 3 min, 0.1 N HCl for 1 min, water for 1 min, then gel separation buffer for 10 min in forward direction. All rinse pressures were 70 psi (4.8 bar). In addition, both ends of the capillary were placed twice in two different water vials to clean the viscous, residual gel buffer before sample injection. The sample was injected at the anode with reverse polarity using 5 kV for 20-30 s, then both ends of the capillary were placed in water again to remove residual sample. The sample was separated at 15 kV with reverse polarity and by applying 70 psi (4.8 bar) pressure at both ends of the capillary during the 30 min of separation time. A typical current of 27 mA was observed during separation.
According to literature data the protein concentration in the sample should be in the range from 0.2 to 2.0 mg/ml. The relative concentration (µg/ml) of separated proteins was calculated with the use of an internal standard averaging three independent replicates. For the best results, the recommended protein concentration was 1 mg/ml. If the protein concentration was too high, it may result in insufficient SDS binding, giving broad peaks and poor resolution. One the other hand, if the protein concentration was too low, a low signal will be observed. Protein peaks with an average concentration lower than 20 µg/ml were not considered, since their significance is close to the detection limit of the instrument.
RESULTS AND DISCUSSION
Polyacrylamide gel electrophoresis is a widely used method for determining the molecular weight of proteins in denaturing conditions. Experiments conducting with dyeing takes several hours and 0.1 µg of protein stained Coomasie Briliant Blue gives a clear band. The polyacrylamide gel pore size can be controlled by choosing the appropriate concentration of polyacrylamide and metylenoacrylamide for polymerization process. In addition, polyacrylamide gels are chemically inert, hence they are versatile analytical tool.
The 15% gel allowed to obtain satisfactory separations of proteins in examined tissues samples. It was also possible visual assessment of the relative concentration of proteins in the tissue on the basis of color intensity.
A distinctive number of stained bands, in the case of the liver tissue confirmed that it is a tissue that has the high concentration of proteins in the body (Fig. 1A) . Protein present in the liver sample were found in a wide range from 10 to 250 kD, but they were present in low concentrations, some even at the limit of detection.
In a sample of muscle tissue can be seen the darkest band located between 37 and 50kD ( Fig. 2A) . It can suspect that it is actin, whose molecular weight is 42kD and which together with myosin, is most abundant muscle protein. No presence of myosin on the gel could be due to the fact that it is a protein with an unusually large mass of approximately 470kD. Its input into the gel and separation would be possible only with a much lower value of %C. Fig. (3) shows a typical electropherograms from SDS-CGE of separation The Protein Sizing Standard Test Mix contained seven proteins (10 kD, 20 kD, 35 kD, 50 kD, 100 kD, 150 kD and 225 kD). All proteins were completely separated within 30 min using recommended method. Electropherograms obtained in SDS-based capillary gel electrophoresis also allowed to determine the molecular weight of the tissue proteins, hence similar information as SDS-PAGE could be found here, too. Determination of molecular weight of analytes was based on protein standards, whose time of reaching the detector in a capillary was presented on a separate electropherogram (Fig. 3) . Migration time dependence of the molecular weight allowed the calibration curve preparation. On each of the electropherograms around 12 min there was a distinctive peak, which is the internal standard protein added to an each sample. It was a protein of low molecular weight of approximately 10 kD, after which follow the proteins analyzed in accordance with the growing masses. Experiments performed by SDS- CGE confirmed that liver tissue was rich in a variety of proteins with a wide range of molecular weights (Fig. 1B) . Electropherograms of liver contained the most numerous peaks appearing between 12 and 25 min, which can be attributed to the mass in the range from 10 to 225 kD (similarly as in the case of SDS-PAGE). The presence of actin in muscle tissue was confirmed peak between 17 and 18 min corresponding to 42 kD (Fig. 2B) . 
CONCLUSION
Experiments presented in the paper represent a preliminary analysis to compare the information obtained by two electrophoretic methods, namely SDS-PAGE and SDS-CGE. Both methods allowed to separate proteins and to determine their molecular weights, abolishing the effect of protein shape and charge on its migration. Evaluation of the intensity and size of stripes and spots in SDS-PAGE allowed the relative evaluation of protein concentration in the sample. However, knowledge of the rate of migration of particles in the SDS-CGE allows for an easier quantitative analysis based on a comparison of the area under the peak of the calibration curve. Single band on SDS-PAGE gel may be one protein, but also a mixture of proteins with similar molecular weight. Due to the limited resolution, SDS-PAGE is little effective for separation of molecules with very similar molecular weights. SDS-PAGE method also has advantages. It can be used not only to evaluate the particle mass and purity of the preparation but more often is used for the separation and purification of proteins. The bands containing the separated molecules can be cut from the gel, digested, and after receiving the pure product subject to further structural analysis. In other hand, SDS-CGE as a method for high efficiency was characterized by a higher resolution and allowed to separate the protein with even slightly different molecular weight. Samples for capillary methods were easy to prepare, and the separation took just a few minutes. In comparison, SDS-PAGE was a technique more laborious, time consuming, poorly automated and required great analytical skill.
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